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Abstract
Objective: In this in vitro study the antibacterial substantivity of a new sodium hypochlorite-based root canal ir-
rigant (Hypoclean) in bovine root dentin was investigated. 
Study Design: Ninety dentin tubes prepared from bovine incisor teeth were used. After contamination for 14 
days with Enterococcus faecalis, the specimens were divided into five groups as follows: Hypoclean; Tetraclean; 
5.25% sodium hypochlorite (NaOCl); infected dentin tubes (positive control); and sterile dentin tubes (negative 
control). Dentin chips were collected with round burs into tryptic soy broth and after culturing, the number of 
colony-forming units (CFU) was counted. 
Results: The number of CFU was minimum in the first cultures in all experimental groups, and the results ob-
tained were significantly different from each other at any time period (P < 0.05). At all five experimental periods, 
the Tetraclean group showed the most effective antibacterial action (P < 0.05). Regular 5.25% NaOCl group 
showed the worst result at all periods. Hypoclean group demonstrated no bacterial growth after treatment. In each 
group, the number of CFU increased significantly by time-lapse (P < 0.05). 
Conclusion: The residual antibacterial activity of Tetraclean was significantly greater than Hypoclean and 5.25% 
NaOCl.
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Introduction
The major contribution of microorganisms in the initia-
tion and perpetuation of pulpal and periapical diseases 
has clearly been demonstrated in animal models and hu-
man studies (1-3). The elimination of microorganisms 
from infected root canal systems is a complicated task 
involving the use of various instrumentation techniques, 
irrigation regimens and intra-canal medicaments. Me-
chanical instrumentation alone does not result in a 
bacteria-free root canal system and when the complex 
anatomy of the root canal system (4) is considered, this 
is not surprising. Furthermore, ex vivo and clinical 
evidence has revealed that mechanical instrumentation 
leaves significant portions of the root canal walls un-
touched (5) and complete elimination of bacteria by in-
strumentation alone is unlikely to occur (6). Therefore, 
some form of irrigation and disinfection is necessary to 
remove residual tissue and to kill microorganisms. In 
cases with necrotic pulps as well as in retreatment cas-
es, treatment should be performed in two visits, which 
is more time-consuming than one-visit treatment (7). In 
addition, some studies have suggested that calcium hy-
droxide is ineffective against Enterococcus faecalis (8). 
To overcome the aforementioned problems, an alterna-
tive protocol is to use antimicrobial agents that exhibit 
substantivity, that is, agents that can have a therapeutic 
effect for a prolonged period.
Sodium hypochlorite (NaOCl) is the most commonly 
used root canal irrigation solution. Despite its excel-
lent tissue-dissolving and antimicrobial abilities (9,10), 
NaOCl possesses some drawbacks. One of its major 
drawbacks of  NaOCl is its toxicity. Navarro-Escobar et 
al. (11) showed the toxicity of 2.5% NaOCl on the cell 
cultures of 3T3L1 fibroblasts. Another major drawback 
is its high surface tension, which limits it penetration 
into canal irregularities and the depth of dentinal tu-
bules. Adding a surfactant to NaOCl can resolve this 
problem.  Recently, a new modified sodium hypochlo-
rite solution has been introduced by Luciano Giardino 
in Italy. New modified sodium hypochlorite solution 
(Hypoclean) is a detergents-based endodontic irrigant 
composed of 5.25% sodium hypochlorite and two de-
tergents. Like chlorhexidine (CHX) (12), tetracyclines 
readily attach to dentin and are subsequently released 
without losing their antibacterial activity (13). Tetra-
clean (Ogna Laboratori Farmaceutici, Muggiò, Italy), 
like MTAD (a mixture of a tetracycline isomer, an acid, 
and a detergent), is a tetracycline-based endodontic ir-
rigant composed of an antibiotic an acid and a detergent 
(14). However, the concentration of the antibiotic, doxy-
cycline (50 mg mL-1) and the type of detergent (poly-
propylene glycol) differ from those of MTAD (14). The 
aim of this study was to compare the antimicrobial sub-
stantivity of Hypoclean, Tetraclean and NaOCl against 
E. faecalis in bovine root dentin in vitro.
Material and Methods
The method of this study was based on the procedure 
previously described by Haapasalo and Orstavik (8). 
Intact bovine central incisor teeth were used for this 
study.
The teeth were kept in 0.5% NaOCl solution for up to 
7 days. The clinical crown and apical third were re-
moved from each tooth with a rotary diamond saw at 
1000 rpm (Isomet Plus precision saw, Buehler, IL, USA) 
under water-cooling. Cementum was removed by using 
polish paper (Ecomet 3, variable-speed grinder-polish-
er, Buehler, IL, USA), which resulted in a centre-holed 
piece of root dentin with a 6-mm outer diameter (Fig. 
1). The remained piece of each tooth was then cut into 
4-mm thick slices with a diamond saw as above. The 
canals of the 4-mm blocks were enlarged (standard-
ized) with an ISO 023 slow speed round bur. In order 
to prevent dehydration, all teeth and dentin slices were 
preserved in vials containing tap water during the pro-
cedures. Each dentin block (n = 90) was individually 
treated with 5.25% NaOCl and 17% ethylene diamine 
tetraacetic acid (EDTA) (with pH 7.2) to remove the 
smear layer. The specimens were then placed in Brain 
Heart Infusion (BHI) broth (Oxoid, Basingstoke, UK) 
and autoclaved. To monitor the efficacy of the steriliza-
tion they were then kept in an incubator at 37°C for 24 h. 
A total of 80 specimens were randomly divided into five 
groups as follows: Group 1 (20 specimens): Tetraclean; 
Group 2 (20 specimens): modified NaOCl; Group 3 (20 
specimens): 5.25% NaOCl; Group 4 (10 specimens): 
positive control (infected dentin tubes); and Group 5 
(10 specimens): negative control (sterile dentin tubes). 
Isolated 24-h colonies of pure cultures of E. faecalis 
(ATCC 29212) were suspended in 5 ml of BHI. The bot-
tles containing each specimen in Groups 1, 2, 3 and 4 
were opened under laminar flow. Two milliliters of ster-
Fig. 1. Schematic view of used dentin tubes (adopted 
from Mohammadi  and Shahriari  (12).
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ile BHI was removed with sterile pipettes and replaced 
with 2 ml of bacterial inoculum. The bottles were closed 
and kept at 37°C for 14 days, with the replacement of 1 
ml of contaminated BHI for 1 ml of freshly prepared 
BHI every 2 days, to avoid medium saturation. After 
the contamination period, each specimen was removed 
from its bottle under aseptic conditions, and the canal 
was irrigated with 5 ml of sterile saline and dried with 
sterile paper points. In order to prevent contact of the 
medicament with the external surface, the outer surface 
of the specimens was covered with two layers of nail 
varnish. Thereafter, using decontaminated sticky wax, 
specimens were fixed at the bottom of wells of 24-well 
cell culture plates which also obliterated the apical sur-
face of the root canal. Finally, the irrigating solutions 
were inserted into the canal lumen with sterile 3-ml 
plastic syringes and 27-gauge needles until the dentin 
tubes were totally filled. Solutions were removed using 
sterile paper points ten minutes after placement into the 
lumen. The specimens were then incubated at 37°C for 
28 days to maintain humidity. At experimental times of 
0, 7, 14, 21 and 28 days, dentin chips were removed from 
the canals with sequential sterile low-speed round burs 
with increasing diameters of ISO sizes: 025, 027, 029, 
031 and 033, respectively. Each bur removed approxi-
mately 0.1 mm of dentin around the canal. The powder 
dentin samples obtained with each bur were immedi-
ately collected in separate test tubes containing 3 ml 
of freshly prepared BHI. Thereafter, l00 μL from each 
test tube was cultured on blood agar. Growing colonies 
were counted and recorded as CFU.
Analysis of variance and covariance with repeated 
measures was used (ANOVA) to indicate differences 
between the experimental groups and the positive con-
trol. In addition, One-way ANOVA (Tukey’s method) 
was used to indicate differences within each layer. 
Results
The number of CFU obtained from five consecutive 
dentinal layers was presented in table 1. The number of 
CFU in all three experimental groups was minimum af-
ter treatment. The positive control group showed viable 
bacteria at all experimental times, which indicated the 
efficiency of the method. In contrast, the negative con-
trol group showed no viable bacteria at all experimental 
times. At all five experimental periods, the Tetraclean 
group showed the most effective antibacterial action (P 
< 0.05). Hypoclean group showed no bacterial growth 
after treatment. Furthermore, at days 7, 14, 21, and 28 
demonstrated more effective antibacterial action than 
5.25% NaOCl.
Discussion
Enterococcus faecalis is found in 4-40% of primary en-
dodontic infections (15). However, its frequency in per-
sistent periradicular lesions has been shown to be nine 
times higher. Its prevalence in root-filled teeth with per-
iradicular lesions using culturing and polymerase chain 
reaction (PCR) methods is 24-70% and 67-77%, respec-
tively (15). E. faecalis possesses several virulence fac-
tors. However, it relies more upon its ability to survive 
and persist as a pathogen in the root canals of teeth (16). 
Furthermore, its capacity to endure prolonged periods 
of starvation until an adequate nutritional supply be-
comes available has been demonstrated (16).
Considering the fact that current techniques of root ca-
nal instrumentation leave many areas of the root canal 
completely untouched by the instruments (17), an irri-
gation solution is required to aid in the debridement of 
the canals. For improvement of their efficacy, root canal 
irrigants the irrigants must be in contact with the dentin 
walls and debris (18). The intimacy of this contact de-
pends on the wettability of the irrigant on solid dentin, 
and this property of the liquid is strictly correlated to 
its surface tension (18). The surface tension is defined 
as “the force between molecules that produces a ten-
dency for the surface area of a liquid to decrease” (19). 
This force tends to limit the ability of the liquid to pen-
etrate a capillary tube. Endodontic irrigants should have 
very low surface tension. The wettability of the solution 
governs the capability of its penetration both into the 
main and lateral canals, and into the dentinal tubules 
(20). By improving the wettability, an irrigant antimi-
crobial solution could increase its protein solvent capa-
bility and enable better activity in uninstrumented areas 
of root canal system (RCS) (20). In the present study a 
new modified NaOCl solution (Hypoclean) was tested 
for its residual antibacterial substantivity and penetra-
tion depth into dentinal tubules and was compared to 
Tetraclean and 5.25% NaOCl for 28 days. The mean 
Table 1. Mean of the CFU and the standard deviations of E. faecalis in the experimental groups. 
Day 0 Day 7 Day 14 Day 21 Day 28
Tetraclean 0.00±0.00 0.00± 0.00 0.37±0.65 6.68±2.59 15.35±3.21 
Hypoclean 0.00±0.00 7.50±2.49 18.00±2.71 30.70±6.42 48.30±5.41 
NaOCl 0.31±0.58 17.16±7.05 34.40±8.79 66.78±10.11 95.25±5.61 
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numbers of CFU were statistically lower in Tetraclean 
compared with other solutions at all experimental peri-
ods, thus stressing the ability of Tetraclean to adsorb to 
hydroxyapatite with prolonged gradual release at thera-
peutic levels. The modified NaOCl solution showed 
more effective antibacterial activity than 5.25% NaOCl 
at all experimental periods. In order to reduce surface 
tension, modified NaOCl solution contains two deter-
gents. In preliminary test (data not published) the modi-
fied NaOCl solution showed the lowest value of surface 
tension (30.0±0.8 mJ/m2) than 5.25% NaOCl (49.0 mJ/
m2) according with the Wilhelmy plate technique, us-
ing a Cahn DCA-322 Dynamic Contact Angle Analyzer 
(Gibertini Elettronica Novate (MI), Italy). Considering 
the fact modified NaOCl group displayed no bacterial 
growth at two first cultures, it can be concluded that 
it penetrated deeper into dentinal tubules than regular 
5.25% NaOCl solution. However, NaOCl even when is 
combined with a detergent, has little to no antibacterial 
substantivity, which is in agreement with the findings 
of other studies. The likely reason is that NaOCl has 
an antimicrobial effect as long as free chlorine is avail-
able in the solution (21). Due to its high surface ten-
sion (20), regular NaOCl cannot penetrate into deeper 
layers of dentin. Giardino et al. (14) demonstrated that 
the surface tension of Tetraclean was lower than MTAD 
and NaOCl that is in accordance to the findings of the 
present study. In a study to assess the antibacterial sub-
stantivity of 2.6% NaOCl, MTAD, and chlorhexidine, 
Mohammadi and Shahriari (12) found that the substan-
tivity of MTAD was significantly greater than CHX and 
NaOCl, which is in according to the present findings. In 
another study, Khademi et al. (13) found the antibacteri-
al substantivity of 2.6% NaOCl was significantly lesser 
than 2% CHX and 100 mg /ml doxycycline. Giardino 
et al. (22) revealed that MTAD and Tetraclean induced 
the largest zone of microbial inhibition of E. faecalis 
cultured under both aerobic and anaerobic conditions, 
when compared with NaOCl which is in accordance to 
the findings of the present study.
Another thing concerning the substantivity of root ca-
nal irrigants is the time of dentin treatment to induce 
substantivity. There is a considerable debate in the lit-
erature regarding the time of dentin treatment to induce 
substantivity. Some works have demonstrated that only 
5-10 min treatment with CHX induces substantivity 
(23-25). On the other hand, some studies have shown 
that dentin should be treated for one week to induce 
substantivity. Komorowski et al. (26) reported that for 
induction of substantivity, dentin should be treated with 
CHX for 7 days and 5 min treatment with CHX did not 
induce substantivity, which is in contrast to our find-
ings. Lin et al. (27) attributed the limited antibacterial 
effect of CHX irrigation to absorb the medication to 
dentin during the first hour and stated that only after the 
saturation point after the first hour that the antibacterial 
capability of CHX increase with time. 
In conclusion, under the conditions of the present study, 
the substantivity of Tetraclean was significantly higher 
than both Hypoclean and NaOCl solutions and retained 
in root canal dentin for at least 28 days. 
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